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Abstract: A broad view of present-day 3D deformation field around the Northeast China region was derived 
from GPS and leveling observations. We draw the following conclusions: First, the Northeast China region 
moved towards northwest with an average velocity of 5 mm/ a, with respect to South China. The entire North-
east China region was in a low strain state from the strain rate field. Second, we processed two periods of first-
order leveling data in 1970s and 1990s, showing the vertical deformation of the Northeast China region is "up-
lift in western part and subsidence in eastern part". 
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1 Introduction 
In the view of tectonic setting, the Northeast China re-
gion stretches across the Sino-Korean platform and 
Tianshan-Xing'an geosynclines, including Daxing'anling 
Mountains, Xiaoxing'anling Mountains, Songliao Basin, 
and Zhangguangcai Ridge[Il ( Fig.l). Therefore, many 
tectonic activities happened in the Northeast China re-
gion , for example, active faults , hot springs , volca-
noes, and deep earthquakes[']. A number of studies 
related to deformation have been conducted in North-
east China region. For example, based on leveling data 
during 1950s to 1980s, Guo['] calculated the vertical 
deformation field, showing a large-scale subsidence in 
Northeast China, and the subsidence was much severer 
in northern part than that in southern part. From the 
GPS data obtained dnring 1997 - 2005 , horizontal 
movement of the Northeast China region was not signifi-
cant, about 2 mm/ a with respect to the Enrasian 
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plate['l. Guo et al['l calculated the displacement chan-
ges of several continuous GPS stations , and the results 
showed an obvious correlation between the nonlinear 
displacement changes and local earthquake distribu-
tion. All these previous studies related to regional de-
formation are limited to horizontal or vertical compo-
nent analysis. In other words, none of the studies fo-
cused on three dimensional deformation fields. 
In this paper, we collected all the GPS data availa-
ble in Northeast China region and its snrronnding re-
gions. From the horizontal displacements indicated by 
the GPS velocity fields, we analyzed the possible dy-
namic source. We processed two periods of first-order 
leveling data taken from 1970s and 1990s, respective-
ly. And the present-day deformation characteristics of 
the Northeast China region was analyzed and discussed. 
2 Present-day horizontal deforma-
tion field of Northeast China 
In 1999, Crustal Movement Observation Network of Chi-
na ( CMONOC) established about 1000 campaign GPS 
network in China, including more than 30 GPS sites lo-
cated in Northeast China region. Till the onset of the 
2008 Ms8. 0 Wenchuan earthquake, all these campaign 
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Figure 1 Tectonic setting of the northeast China and vicin-
ity. Black lines represent main faults 
GPS sites have been surveyed four times , m 1999 , 
2001, 2004, and 2007, respectively. For each of the 
surveys , all the sites were continuously occupied for at 
least 96 hour using Ashtech Z12 receivers with choke 
ring antennas. Data were collected every 30 ecind. The 
resultant accuracy of the GPS velocities in Northeast 
China region is between 2- 3 mm/ a. We collected all 
the GPS velocity fields covered eastern part of China 
mainland, spanning 1999 - 2007 ( Fig. 2 ) . Also, we 
downloaded the GPS velocity fields of Japan during 
2000- 2010[ 6]. The GPS velocities shown in figure 2 
are relative to the South China block. The GPS velocity 
fields were calculated using the GAMIT/GLOBK soft-
[7] . h ware w1t a two-step approach. In the first step , site 
position estimates were calculated for each day with the 
GAMIT software in a loosely constrained global refer-
ence frame including several IGS sites and some con-
tinuous stations from ( CMONOC). The site positions 
were computed in the ITRF2005 reference frame. Sec-
ond, GLOBK was used to estimate the velocities. We 
transformed the GPS velocities into the stable South 
China reference frame. 
Figure 2 shows the GPS velocities of eastern China 
' 
Japan and surroundings. Obviously, the Northeast Chi-
na and Japan moved towards northwest, with respect to 
South China. In detail, Japan is located close to the 
Pacific plate subduction zone, so it moved much fas-
ter, with an average velocity of 30 mm/ a, while North-
east China is far away from the Pacific plate subduction 
zone, so it shows a small magnitude of movement, a-
bout 5 mm/a. Obviously, the Northeast China region is 
affected by the Pacific subduction effect, although it is 
about 1300 km from the Japan Trench and more than 
600 km above the subduction slab. In other words the 
' 
compression effect caused by the subduction of the Pa-
cific plate played an important role in the crustal move-
ment of the Northeast China region. 
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Figure 2 Horizontal velocity field from GPS observations 
(relative to South China) 
Usually, GPS velocity field can outline the plate 
movement from a broad view relative to a certain refer-
ence frame. However, it cannot show absolute crustal 
movement. Comparing to the GPS velocity field, strain 
rate field can express the deformation characteristics in 
an absolute sense for a certain period. Therefore, we 
calculated the strain rate field of the Northeast China 
region based on the GPS velocity field shown in figure 
2. We used the approach proposed by Shen et al [ s] , 
Shen and Jackson [ 9l . In this approach , to calculate the 
strain rate for a certain grid point, the GPS velocities 
within a given area is used, which were weighted by 
the distances between the grid point and the GPS sites. 
The weighting function is defined as follows : exp 
( -D2 I CT2 ) , where D is the distance; CT is the smooth 
factor. In this function , a larger CT means the farther 
GPS velocities will be weighted larger, and the result-
ant strain rate field will be much smoother. 
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Figure 3 shows the principal strains and dilatation 
rate distribution. Figure 4 shows the maximum shear 
strain rate. Most of the Northeast China region can be 
considered to be in a low strain state except for the 
Songnen Basin and Xialiaohe Basin , where large 
strains were yielded, with 1. 2xl0-8/a and 1. 8xl0-8/ 
a, respectively ( Fig. 3 ) . The dilatation rate shows a 
large area of negative dilatation ( compression) cover-
data taken from 1970s and 1990s, respectively, and 
calculated the vertical deformation field of the North-
east China region. 
ing the interior Songnen Basin. On the contrary, re- 50"N 
markable positive dilatation is shown in the interior Xi-
aliaohe Basin , and the maximum dilatation rate in this 
area is about 1. 4xl0-8/a. The principal strain rate a-
round the three active volcanoes, i.e., Wudalianchi vol-
canic group , Longgang volcanic group , and Changbais-
han Tianchi volcano is small , but the maximum shear 
strain rate is significant' about 5 X 10-9 I a. 
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Figure 3 Magnitude and orientation of principal strain rate 
axes and dilatation distribution map 
The maximum shear strain rate along the Boli-bei' 
an fault is about 9xl0- 9 /a, showing compressive char-
acteristics ( Fig.4) . 
3 Present-day vertical deformation 
field of Northeast China 
Nowadays, high precision repeat leveling measurement 
is considered to be one of the most reliable approaches 
in detecting vertical crustal deformation. In this sec-
tion, we processed two periods of first-order leveling 
45"N 
Figure 4 Distribution map of the maximum shear strain rate 
3.1 Leveling data and processing method 
The first-order leveling monitoring network covering the 
Northeast China was established by the National Admin-
istration of Surveying , Mapping and Geoinformation 
( NASMG) in 1970s. The leveling monitoring network 
consists of eight loops, covering Daxing'anling Block, 
Songliao Block, and Zhangguangcai Ridge-Changbais-
han Block. All the leveling lines are about 7000 km' s 
long, with average benchmark spacing 3-5 km. Most of 
the typical tectonic units (such as Daxing'anling uplift, 
Songliao Basin, and Sanjiang Basin) and some active 
faults (such as Yilan-Yitong fault, Dunhua-Mishan 
fault) are intersected by the leveling lines ( Fig.5) . 
In general, the vertical crustal movement is not sta-
ble in a yearly period. Therefore, for a certain area, 
secular vertical crustal movement trend can be a-
chieved by two periods of leveling data spanning more 
than 10 years[ 10J. For the Northeast China, the leveling 
network was surveyed twice in 1970s and 1990s, and 
the surveying time lasted several years for every period 
due to the very long leveling lines. For the leveling re-
sults , the standard deviation of accidental error per km 
is 0.4 mm, which meets the regulation of the first-order 
leveling measurement. 
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Figure 5 First-order leveling route around the Northeast Chi-
na region 
Before the adjustment processmg, we checked the 
closing errors of all the eight loops. The maximum clos-
ing error is 3 mm/ a , indicating the observation data 
were reliable. We processed the leveling data following 
the adjustment method proposed by Wang et al [!OJ , 
which was successfully applied in detecting vertical de-
formation in Sichuan and Yunnan region. In this meth-
od , the velocity differences are treated as observations, 
while the velocities on all the benchmarks are thought 
to be the unknowns. During the data processing, we 
chose the benchmark "Hashen 45 Ji" as the reference 
point. Firstly, Changchun is stable because it is loca-
ted in the Songnen Basin. Secondly, Changchun in lo-
cated in the center of the Northeast China region, 
where four leveling lines go through. So, from the 
measurement error propagation point of view, the re-
sults will not be introduced by many processing errors. 
The weighting standard deviation per km is 0. 06 mm/ a. 
Figure 6 shows the vertical deformation field of the 
Northeast China region. 
3.2 Present-day vertical deformation field derived 
by leveling data 
The leveling benchmarks are isolated, so the deforma-
tion field shown through point - wise is also discrete 
( Fig. 6 ) . However, m reality, the vertical crustal 
movement should be continuous along the earth sur-
face. Therefore, we used the Kriging method to inter-
polate the discrete benchmarks and achieved the con-
tinuous vertical deformation field ( Fig. 7 ) . Also the 
Gaussian low pass filter was applied to remove obvious 
high frequency noises and errors. In order to detect the 
local deformation characteristics , we made several pro-
files intersecting some typical tectonic units ( Figs. 8, 
9) . From the vertical deformation field and profiles, 
we made the following observations ( Figs.6-9) : 
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Figure 6 Vertical deformation velocities around the North-
east China region ( relative to Changchun) with 
red arrows indicate uplift, blue arrows indicate 
subsidence 
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Figure 7 
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Contour map showing the vertical displacement ve-
locities around the northeast China region ( rela-
tive to Changchun) 
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Figure 8 Vertical displacement velocities along 
two leveling routes going north-south 
direction 
1) On the whole, the Northeast China region shows 
vertical deformation characteristics of "uplift in western 
part and subsidence in eastern part " . In detail, 
Daxing'anling Block was uplifting with a magnitude of 2 
mm/a at the western Nenjiang fault. The Hailaer Basin 
was also uplifting, but not significant ( Fig.9 (a) ) . 
The southern Xialiaohe Basin showed an uplifting 
velocity of 4-6 mm/ a. 
2) The Songliao block located at the central part of 
the Northeast China region, including Songnen Basin 
and Xialiaohe Basin showed subsidence at present-day. 
Comparing with the western Songnen Basin, the eastern 
part of the Songnen Basin subsided very much , with 
maximum velocity about 4 mm/ a ( Figs. 6, 7 , 8 ( a) , 
9 ( a) ) . The Xialiaohe Basin was uplifting, and its 
eastern part had a faster velocity. In other words , the 
velocity difference between eastern part and western 
part of the Xialiaohe Basin exceeded more than 5 mm/ a 
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Figure 9 Vertical displacement velocities along 
three leveling routes going west-east 
direction 
( Fig.9 (c) ) , showing distinctive characteristics com-
pared to the topography. 
3) Xiaoxing'anling Mountains showed a large-scale 
subsidence with maximum velocity of 7 mm/ a ( Fig. 8 
(a) ) . Sanjiang Plain was also subsiding, with average 
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velocity of 5 mm/ a ( Fig. 8 ( b ) ) , which is consistent 
with the deformation characteristics dating from the 
Quaternary period. 
4) Geological results show most of the faults located 
in the Northeast China region become silent after mid-
Pleistocene[ II]. However, the southern part of the Yi-
lan-Yitong fault was active according to the vertical ve-
locity field ( Fig.6). In other words, there was an obvi-
ous vertical displacement discrepancy showed between 
the two sides of the southern Yilan-Yitong fault. 
5) We also analyzed the vertical deformation pattern 
of several Cenozoic volcanoes, i.e. Wudalianchi Vol-
canic Group, Longgang Volcanic Group , and Chang-
baisban Tianchi Volcano. In detail, the Wudalianchi 
Volcanic Group was subsiding with a large velocity, 
which is consistent with its surrounding areas ( Figs.6, 
7). Therefore, the Wudalianchi Volcanic Group may 
not be so active during the detecting period, i. e. 
1970s-1990s. The Longgang volcanic area was inflating 
with a vertical velocity 3-4 mm/a (Fig.9(b)), which 
indicates that magma or hydrothermal fluid intrusion e-
vents may occur beneath the volcano. The vertical de-
formation around Changbaishan Tianchi Volcano was 
not significant, within 2 mm/ a. 
4 Discussion 
The GPS-derived horizontal deformation field shows that 
the Northeast China region moved towards northwest 
with an average velocity of 5 mm/ a, with respect to 
South China. The strain rate field indicates that the en-
tire Northeast China region was in a low strain state, 
making the following implications. First, from the tee-
louie setting view, the subduction of the Pacific plate 
towards the Eurasian plate should be responsible for the 
horizontal deformation pattern of the Northeast China 
region. Second, most of the faults located in the North-
east China region may be not so active during the de-
tecting period , leading to a consistent movement of the 
entire Northeast China region. 
To evaluate the reliability of the leveling results , the 
following factors should be taken into account. First, 
the leveling staff length error should be small enough. 
For the leveling data used in this paper, invar leveling 
staff was used during the observations , which was sta-
ble on temperature changes. Second, vertical deforma-
tion velocity pattern should be different from the topo-
graphic relief. For most areas of the Northeast China 
region , the vertical deformation trend and the local ter-
rain are different. However, for some areas, such as 
Da.xing'aoling Mountains uplifting area, Songnen Basin 
and Sanjiang Basin subsiding areas, the vertical de-
formation pattern is similar with the topographic relief, 
indicating inherited vertical deformation patterns. 
Therefore, the leveling-derived vertical deformation 
field of the northeast China region is reliable. 
Usually, the Northeast China region is considered as 
a stable area compared with other tectonic active areas 
in China. However, from the 3D deformation field 
shown in this paper, we can conclude that the North-
east China region moves consistently towards northwest 
in horizontal, and shows " uplift in western part and 
subsidence in eastern part" pattern in vertical. We in-
fer that the dynamic source of this present-day 3D de-
formation pattern may be related to the subduction of 
the Pacific plate to the Eurasian plate. Studies from 
tomography shows that the Pacific slab stagnated just 
beneath the Northeast China region, reaching the 
660 km discontinuity. Therefore , it is reasonable that 
the subduction of the Pacific plate may play an impor-
tant role in affecting the Northeast China's deformation 
state. On the other hand, the dynamics source of the 
Northeast China region may be interpreted from the 
seismic activities. Usually, the strong earthquakes oc-
curred around the Japan island arc and the earthquakes 
happened in the Northeast China region are related in 
the temporal scale. In other words, strong earthquakes 
occurred around the Japan ialand arc are usually fol-
lowed by deep and shallow small to moderate size 
earthquakes happened around the Northeast China re-
gion. Therefore , we speculate the strain field of the 
Northeast China region is controlled by the subduction 
of the Pacific plate. And the consistently moving trend 
towards northwest in horizontal should be an influence 
of the subduction, even though the Northeast China re-
gion is around 2000 km far from the subduction bound-
ary. 
5 Conclusions 
In this paper, we tried to outline the present-day 3D 
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deformation pattern of the Northeast China region based 
on GPS and leveling data. First, the results show that 
the Northeast China region moved towards northwest 
with an average velocity of 5 mm/ a, with respect to 
South China. And the strain rate field indicates that the 
entire Northeast China region was in a low strain state. 
Second, the vertical deformation characteristic of the 
Northeast China region is "uplift in western part and 
subsidence in eastern part". 
From this study, GPS and leveling observations pro-
vide a holistic deformation pattern of the Northeast Chi-
na region. In the future, more and more deformation 
data will be available, including campaign and contin-
uous GPS , leveling, and InSAR observations , making 
the understanding of seismic hazards and regional tec-
tonics much clearer. 
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